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PREPARATION OF SEMICONDUCTOR SUBSTRATES 

. Tho present invention relates to the productfon of somiconductor devices 

~rid! in particular to the preparation of ind~um phosphide somicmnductor substrates 

5 for us~ in the pmd~ction of semiconductor devices using MOVPE techniques. 

MOVPIE (Metal Organic Vapour Phase Epitaxy) is commonly used to grow 

a wld@ variety of semiconductor devices comprising muitipie l1y@rs which rnquire 

pr~ei~o material composition and thickness. In . some materials systems, virtually 

monoiay1r contm~ can be achieved using MOVPE when switching from one 

10 compound to anoth8r which in some cases is essential for accurate, repeatable · 

d@vmco fabrication. The achievable purity of dopositod ioyers usinig MOVPE is 

potonti1Hy very high but can be affected by the pmity of tho stan:ing products. As -

~ClftlU 11 the starting products are not tot8Jliy pur~. d@vice manufacturers hava to 
. . 
t11ke steps to avoid! or counter the IUlnpredictaiblo effects that the impurities have on 

16 m11nuf1cturing processes. or suffer from reduced ~ovice yield. 

It has boon shown that epita~ialiy dlepositftd m~v semiconductors 

commonly suffer from tho presence of co1ruiluctive interiaciol layers at the 

substrma interlnco [ 1 ] • 

. . This phonomencn presents a particular problem to BnP based fioid effect 

20 tr11nmartor1 (FETs) grown on feadopud In? substrates because it .provents pinch0 off 

!by providming a parallel conducticm path tlhat c~nnot bo controlled! by gate voltage. 

This a~so raisas output conductance, dovieeetooodeviee leaka;e and can add a 

. parasitic capacitance affecting_ high frequency performance. 

Conducting imerfaciai lavers can have many origins, however, tho 

25 ~rongeat recant evidonce indicates accum1.11iatwon of Si atoms at the 

wbstrate/opitmciai l11yo~ interlace to be tho major culprit [ 1 ]. l111torl11cial impurities 

h«ave bMn variously attributed to out diffusion from the substrate, rosidues from 

subatrato preparation solutions and contaminmfion from 6mbfont air. in addition, 

the i11w~H~tor1 have observed Si accumulation in an MOVPE kit fQr· ·several weeks 

30 fomIDowmng refurbishment of the ventBn.m gas switching manifold. Evo111 when _below 

d~ectfio~ limits in grown layers, this is another potential source of surf ace 

conteminaticn during wafer heataUJ>. in practice, it is quite iike~y that . several of 

hM m.chanisms may contribute to contamination simultaneousiy, varying in 
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degree of severity depending on factors such as the substrate batch or 

manufacturer, its handling and preparation procedure, chemical batches and the 

history of the growth kit. 

The significance of the accumulated silicon greatly increases as device 

5 complexity increases, since fabrication times increase giving the silicon more time 

to accumulate. Therefore~ the production of highly integrated monolithic 

semiconductors including, for example, HFET f heterojunction field effect 

transistors), lasers and transmitters, HEMTs (high electron mobility transistors) and 

OEICs {opto-electronic integrated circuits) has highlighted the need to overcome 

10 the problem. 

Many workers have developed processes for mitigating parallel conduction . 

in FETs and HEMTs. Recently, H. Ishikawa et al in "Origin of n~type conduction at 

the interface between epitaxial-grown layer and lnP substrate and its suppression 
• 

by heating in phosphine atmosphere", J. Appl. Phys 71(8), 15 April 1992, pp 

15 3898-3903, described a study into the origins of n-type conduction due to Si 

atoms at the epitaxial layer-substrate interface. In the study Ishikawa et al 

theorised that Si atoms originated in the air, possibly from the filters used in clean 

rooms, and became adsorbed into t~e lnP. The_ adsorbed Si subsequently 

accumulated at the epitaxial layer-substrate interface and manifested itself as 

20 n-type impurities causing n-type conduction at the boundary. To counter this, 

Ishikawa et al proposed a method of removing the atoms from the lnP substrate by 

annealing it in a PH3 atmosphere, The process involved heating the lnP to a 

temperature of around 700°C for 20 minutes with a PH3 flow rate of 1200sccm. 

The results indicated that a high proportion of the· Si atoms adsorbed into the lnP 

25 surface were desorbed, which reduced the effect of n-type Si conduction. 

In another paper, "Highly Resistive lron•doped AUnAs layers grown by 

Metalorganic Chemical Vapour Deposition", ·J. Appl. Phys. Vol. 31 (1992) pp 

L376-L378, Ishikawa et al described a method of fabricating a semi-insulating 

iron-doped AllnAs buffer layer on an lnP substrate prior ~o the deposition of further 

30 epitaxially-grown ·layers. By this method, the influence·of the substrate itself, over 

the epitaxially-grown layers, is mitigated. 

Although the existence of parallel conduction mechanisms. has been· 

recognised for at least 10 years, and more recently the causes of the mechanisms, 



for ~xample n°type cot~duction by smcon atoms, have beon isolated, surprisingly, 

:runuJ of the proposed methods of overcoming or countering the effects of tho 

mocharnusms hove proved entirely satisf act cry. in such a rapidly growing and 

ampmtamt field as m-v semicondluctor device fabrication, 2JJ method of successfully 

5 and lf~producibiy fabricating devices without parallel conduction mechanisms would 

b~ cf oxtreme commorciui importance. 

Ther~fore, in accordance with one aspect. the present invantion provides a 

m@thod cf prfiParing a semiconductor substrate for subsoqucmt growth of epitaxial 

~ay~rs, the mottmd comprising the stcips of. annealing the substrata to traduce the 

~O com:eintr~ticm of impurity moms present on or in tho substrate, and thtH'EHJ1fter, 

growing m'lo or more buffer !ayers . on the substinn:e, tho or at least one of the 

buffer lnyers cmmpriiing a semiconductor motoriaB doped with metal atoms. 

The 01ru11eaiing step promotes any tendency for surl11ce accumulation of 

impurities. for example siliconi atoms, by diffusion from tho buHc. substrate. Also, 

15 annealing promotGs impurity atom removai from the substrate surfaco. 

Fer the example of ·annealing an lnP substrate, impurity atoms, for 

example silicon atoms, in or on the substrate are replaced with phosphorus atoms. 

The annealing is carried om at a tmnperature which is high enough to promote high 

mobility of surfoce atoms on tho substrnte. The phosphorus atoms l!lre tronsported 

20 an 1 f!ow of gaseous phosphine, or other suitable phosphorus containing compound 

which yields phosphorus atoms, the flow rate being ;reat enough to maintain an 

ov6rpll'essure which prevents net loss of phosphorus atoms du_o to heating. It has 

be~lf'I shown [2] that the rate of removal of smcon impurity atoms is proponicnai to 

the h11ating time. the · h<tmting temperature and th~ flow rllte of pllmsphine. 

25 Thfireforn, the maximum benefit from a1m1t111iing cBn be nchiaved by maximising tho 

vai«Des in tho 11nne111ing process. However, tho values should! in preetice be set for 

practicality, i.e. so that d11e annealing step does not talc.e too long, phosphine flow 

is not so high that filters become blocked, etc. it is expected that some benefit 

WOY~dJ accrue at 0 temperature US iOW as 600°C, for 8 _time IS short as 5 mil1UtOS 

30 and! with tho minimum phosphine flow sufficient to stabilise the l11P surface at the 

annea~ tomperaturo. 
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Substrates other than lnP are typically annealed in atmospheres comprising 

other suitable conditions. For example, for a GaAs substrate, the annealing step is 

carried out in an atmosphere typically comprising arsine. 

It is clear that strict compliance with specific values for the annealing 

5 process is not necessary and that the values may be traded off against each other. 

For example, a higher heating temperature would require a shorter heating time. 

The buffer layer (or layers} provide{s) a semi-insulating barrier between the 

substrate and subsequently grown epitaxial layers to reduce the influence the 

substrate has over the nature and performance of the subsequently grown epitaxial 

10 layers. 

For 111/V compounds such as doped GaAs or doped GaAIAs, 

semi-insulating layers can be epitaxially grown by MOVPE by varying the 111/V ratio. 

Increasing the 111/V ratio alters doped p-type GaAs or GaAIAs to n-type GaAs or 
• 

GaAIAs, and vice versa. Near the point of conversion, the GaAs or GaAIAs 

15 exhibits high resistivity and can thus act as a semi-insulating layer. 

In the case of undoped lnP, layers grown by MOVPE generally show 

n-type conduction indicating that undoped AllnAs layers cannot form highly 

resistive (semi-insulating} buffer layers by varying the lllN ratio. However, it has 

been shown that doping an lnP layer with iron reduces n-type conduction in the 

20 lnP. This is also the case with doping AllnAs with iron. 

It has been shown that iron atoms cancel the affects of n.;type carriers, in 

effect forming 'carrier traps', and that the higher the. iron concentration, the 

greater the insulating properties of the iron doped lnP or AllnAs [3]. 

At least one buffer layer is deposited on the ·semiconductor substrate 

25 using MOVPE growth techniques. In the case of lnP, the buffer layer is doped with 

iron to increase the resistance of the buffer layer by allowing the electrically active 

iron atoms to act as deep carrier traps for the n-type carriers. Alternatively, other 

semi-insulating dopants such as cobalt (Co) and rhodium (Rh) are expected to be 

effective alternatives dopants to iron to act as n-type carrier traps, although, in 

30 most. cases the resistivity of the lnP will be lower. 

Other dopants, for example chromium, have been seen to act as p-type 

carrier traps in lnP and GaAs. In general, for a dopant to act as an effective carrier 

trap, it is a requirement that it sits as closely as possible to the centre of the band-
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tr1pp1d carriers, are as far awa.y as possible frnm both the vaiiaince and conduction 

ban<lls of the base matariai making carrier escape through thermal or electrical 

oxcitr.tion difficult. ·As a resu!t, the doped bHe material increases greatly in 

5 resistivity. Obviously, a dopant hi selected for its abmty to act either as a p~type 

carrmoir trap or as r.m n-type carrier trap in dopondonco on the type of conduction, 

for exM'!lple duo to the presence of impa..,rities. oxhibited by the base material. 

·The inventors have shown that a combination of armealing and a 

sulbsoquontfiy grown semf..insulatnng buffer iayer is an effective method of grently 

10 reducing tho effects of conducting interfacial !ayers, in most cases. However, in 

scmo cases, for example in a ease whorft a substrate boulft proves to be 

p111rticuiorly siuscoptible to parallel conduction mechanisms, a further stop is -

inef1JJdi1dl in tho prepauratory stages of a substrate to offer gr6iltar protection against 

tho vagaries of substrate quality. 

15 Tho further step is an etch step, which is carried out between the 

anneailng step and tho buffer layerill'Tlg step. The etch step removes any surface 

contamunants from the substnmte, for exampQo oxygen or oxides which may havo 

contamfnllted the substrate from the atmosplharo in which the bouno is stored or 

tlfamBported. and provides a clean, fhrt surface on which subtH:aquent epitaxial 

20 ~ayers can be grown. Tho inventors have shown that any etching process. and 

indeod any etchont, for example phosphorus trichloride to etch lnP, which is 

s~own to provido nonapraforcmth~t etching (i.e. poi~sh etchmng), without unduty 

rcughenmng tho sub1tr1te surface, is suitable for the etching step. The i1rwe11tors 

h3VCj e!so shown tlilm gatMn:ching provides better rosuitB than wotaetching because 

25 SJ~l-'etch!ng is carried out irMsitu, providing tlxciusion of impurities that may 

rt:M:ontemmnm;i the surlamt of the substrate. Pref•abiy, no more than about 1 mm 

(that is to ·say, thD first few mono&ayers) of s11J1rfaco sulbstrme is removed to 

provide a substrate surface of tho required cDtH!nliness. 

The invention wm now be described in gr.eater detail. by way of example, 

30 with r1fm-tance to the following drawings, in which: 

f°119Ure 1 shows a typical HFET structure; 

figure 2 shows typical capocitaim:elvoltage depth pmfiles of HFETs tested 

in the ccume of experiment: ·and 

iliiiT 
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Figure 3 shows a typical set of HFET · characteristics obtained from an 

HFET fabricated on a substrate prepared according to the present invention. 

An iron-doped lnP substrate was prepared for subsequent epitaxial HFET 

. device growth as follows. 

5 The iron-doped lnP substrate wa~ installed in an atmospheric pressure 

MOVPE reactor. For the annealing stage, the substrate was heated to a 

temperature of around 750°C, in the reactor, in an atmosphere of phosphine and 

highly pure hydrogen. 

At around 400°C the surface of an lnP substrate becomes unstable unless 

10 phosphine or a similar gas is present in the atmosphere to stabilise the surface. 

Typically, therefore, a phosphine flow should be present during the whole ( 

substrate heating process, or at least from around 400°C upwards. 

The rate of impurity silicon atom removal from a substrate due to the 
' . 

annealing step has been reported to be proportional to the · heating time and 

15 substrate temperature (2). 

The substrate was annealed at 750°C for 30 minutes· with a phosphine 

flow of 46sccm (standard cubic centimetres per minute), to provide a partial 

overpressure of 7x1 o·3atm. This temperature, time and phosphine flow were all 

set to the maximum practical levels which the MOVPE reactor could sustain to 

20 maximise the promotion of any tendency for surface accumulation of impurities 

from the .bulk substrate, and also to promote Si removal by exchange of impurity 

atoms on the substrate surface with those of phosphine. The best results were . 

achieved at 750°C under 46sccm phosphine (100%) diluted with H2 at a flow rate 

of 6.3 litres/minute The next stage of preparation involved gas-etching the 

25 substrate, again at atmospheric pre~sure, at an etching temperature of ·400°c for 

25 ·minutes in a mixture of phosphorus trichloride and high purity ·hydrogen. The 

etching step was carried out straight after the annealing step without removing the 

substrate from the MOVPE reactor. The temperature in the reactor was reduced 

from 750°C to 400°C. whilst maintaining the flow of annealing phosphine to 

30 maintain the stability of the surface of the substrate. When the etching 

temperature was reached, the phosphine flow was switched off and replaced with 

a 50sccm phosphorus trichloride flow diluted with a high purity hydrogen carrier 

having a flow rate of 6.3 litres/minute. The phosphorus trichloride was contained 

in a bubbler held at 0°C and its vapour transported into the reactor at a rate of 

r I 
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9.5x1 o·6moie per minuti by the hydrogen ~c1rrwer) ~iii: Th@ fiows and etching 

tompurature wore determined by calibration and wen~ those found optimal for 

ncng;mriornntial mehing an a controlled and reproduef~lo rme of 1 mm p1r hour. 

After thct completion of the etching step under. phosphorus trichloride, the 

5 flow ·@f phosphine was reeinstated to maintain the surtnco of the substrate in a 

st~bl@ state during a period taken to heat the substrlto from 400°C to 650°C. 

The buff@r layers were grown at 650°C using a conventional MOVPE process. 

Any s@t of MOVPE growth· coniditicms which allow deposition of 

semi~insuinting AlfinAs alloys (lattice matched to lnP to ± 1 OOOppm) and 

10 1omi~nnsulating DnP would be suitable. 

Thorn am three buffer layers 0 a bottom iayor of iroin°doped AHnAs, a 

m&dldh~ ioyer of irm'Mjoped tnP and a top, capping, iayeir of iundopod fnP. 

Th@ irm'M~oped AUnAs was grown. at 660°C, in an atmosphere of: 

trimfithyialumi:nium @ 6. 7x10"6 moilcm3
; trimothylindluim @ 2.4x1 o·= moU cm3'; 

15 and, arsinf} (100%}@ 3x10-3 mol/cm3, providing a growth rate of 3.0pm per hour. 

The combimn:ion of the different bottom layer aand middio layer materials 

gives the benefits of tho wide AHnAs bandagap end tho hight!ir resistivity of the 

f.iinP. The former is unnecessary in most situations. Dopnnt sources were 

forrocenc and hydrogen sulphide. With optimised A~ and AsH3 sources the kit wns 

20 capabltt of growing ~t 650°C undopodl AUnAs with background doping level of 

1°2x10~5cm·3• Tho iron cc:mcentraticn in both thu AlmnAs i11yoi and the inP layer 

wns 2x ii 0 11 cm ·3 which was the maximum achievable solulbiiity of iron in the 

substrata. This concentration was chosen to maximise the concfintration of 

@foctrica&ly active deep c~rrier traps. lower concentrations can be usod bm 

25 obvious~y with ii possible reducdon in trap uffectiveneas for a given~ layer 

thickness. Higher conecmtnmans me unlikely ta incnuase tho eff~ctiveness of the 

trap. 

HFET stmctures were grown cm suibstrato1 prepared! according to 

cenv~mtfioroai methods 11nd also ~ccording to the present method. The HFETs ware 

30 then testod for thoir pincf'H>ff characteristics. 

Tho typical structure of the HFETs tested is shown in Figuro 1 . The HFET 

struetur~s were grown by atmospheric pressure MOVPE using coll'llvention811 methyl 

~t~~ grouip m and hydride group V· precursors. Tho basic HfET structure 5, . 

grown on top of tho buffer layer 1 1 , ~attice matched to .e somi0 insuiating 
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iron-doped ( 100) lnP substrate 10, consisted of the following layers: 0.3mm 

undoped lnP 12, 70nm S doped GalnAs (2x1017cm-3 n-type) 13, 5nm undoped 

· GaAIAs 14, 50nm undoped AllnAs 15, 5nm undoped lnP 16. The element, ratios 

should be those which give lattice matching to lnP to ± 1 OOOppm. 

5 · The HFETs were fabricated with 1 OOmm wide, 1 mm long gates using the 

10 

process which· is described in detail in D. J. Newson et al, "Damage-free 

passivation of lnAIAs/lnGaAs HFETs by use of ECR-deposited SiN", Electronics 

letters 1993, 29, pp472-474, the contents of which are incorporated herein by 

reference. 

The results of the experimental pinch-off tests are correlated in Table 1. 

The table also shows the conditions from which the results were derived. The 

devices were designed to pinch-off fully before -2V gate bias. The criterion used 

in the table is pinch-off before -5V as such gross deviations are well outside doping 

control limits of the MOVPE kit used and must be substrate interface related. The 

15 first test approach (batches 1 to 9) was to load substrates as supplied because 

20 

·experience indicated that almost anything done to the Fe-doped ma.terlal led ·to 

poorer epilayer morphology. However, this approach, even when combined with a 

variety of buffer layer types, only once led to good ·pinch-off (batch 61, and this 

was not reproducible. 

In every case, when wafers or corresponding test ~tructures from this 

series were electrochemical capacitance/voltage (CV) depth profiled, a large 

interfacial n-type spike in the range 5x1016 to 5x1017 cm-3 was found, as shown in 

Figure 2 (solid line). This n-type spike was at a depth which corresponded to the 

substrate/epitaxial layer interface and was a good indication that parallel 

25 conduction mechanisms, and hence poor pinch-off characteristics, arose from this 

spike. 

; I 
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R Wi'flHI 

GOOD 

l?tNCH-

~ OF~ 
0 

i!S- S NONE O. lmlltll u~AI~; C.3mm u-lftP - - ' 2 a 
~6===-'~~!~S~~~~N~O~N~E~~~~!~~m~-~~~-0~--~inA._..a~.~©~.~,mM~~~~-~A~l~n~A~ •• ~o~.3~m~m~~2~~=;=~~""""1 

u·OnP 

'5 

, NONE 

WE'll' ii:TCH -

.S .. 
I ANNEAL Ii 0:1 mm fo·DnP, 0.3mm u·OnP 1 

GASl!TCH 

ANNEAL 1. ·o.1mm ~1l'IA11, o:3mm fe..inP, 0.3mm 2 2 

' GAS ETCtHI M·li'i' 

ANNM.L Ii -o. ~mm· e:e:.1a11riM, 0.3mm f@..lnll", 0.3mm 1 

OAS ll!TCH u·Dnll' 

ANNEAL 0:1mm Fe-NiM.s, 0.3mm Fa-inP, o.3mllVli-, ~ -

u·!nP 

TabMa ~: showing the pinctM>ff porformance of v11rious HFETs f11brieated 

on substrates prepared! in various ways - (u indicates undoped, Fe indicates 

5 imrHiopod} 

Trials with lnP test !ayers showtld that a weteatch which included a 

lbromine--methnno~ step, in combinaticm with growth of 11 thin1 semiQi~suiating 

Foadoped »nP or AllnAs antH;pike iayor, was e~paible, in most cases, of 

10 subst1intially reducing or eliminating the CV R'\atypo spike. When this was ,put into 

the HFET process {batches 10 and 11 ), ai much higher success irate was nchioved, 

4 out of 6 wafers. Uil'Tlfort11.mately though, some failures wore stm obt11im1d, even 

w~thftn g sir~gie substrate batch. 

----·---··· --------·· ·····----
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Trials with HFETs grown on substrates prepared according to the present 

invention (batches 12 to 16) provided a 100% success rate. Substrate interfacial 

layers thus grown were always semi.,insulating or low- n-type by. CV profiler (Figure 

2, dashed line). Again, note that although batches 12 to 16 all used a gas etch, 

5 the invention does extend to the use of a wet or other type of etch. 

Although one wafer proved good (batch 1 5) even without the etching 

step, the reproducibility of this was not explored because the etching step is 

thought to offer greater protection against the -vagaries of substrate quality (boule 

Z was from a source reported to be particularly susceptible to parallel conduction 

10 problems). 

Figure 3 shows a set of HFET characteristics obtained from HFETs 

fabricated on substrates prepared by the method according to the present 

invention. From the graph it can be seen that pinch-off occurs at less than 2V. 
• 

While the method of substrate preparation described above finds 

15 particular application in the field of HFET .fabrication on lnP substrate·s, it. will be 

apparent that the technique finds important application in the general field of 

semiconductor device fabrication. In particular, the method is not limited to the 

steps described above for fabricating a standard HFET. The method finds 

application in the fabrication of other types of semiconductor devices such as 

20 HEMTs (high electron mobility transistors) and optical devices such as lasers, and 

photo-detectors, or indeed any type of sef!1iconductor device which requires high 

quality lnP substrate preparation. Thus the precise details of layer composition, 

doping, thickness and of overall device dimensions are given by way of example 

only. Other devices~ whether HFETs or otherwise, according to the invention will 

25 typically have very different characteristics to that described above. Nevertheless, 

the application of the present invention to the fabrication of semiconductor devices 

will be clear to those skilled in the art. 

30 
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1 . A method of preparing a semiconductor substrate for subsequent growth 

of epitaxial layers, the method comprising the steps of: 

(a) annealing the substrate to reduce the c;oncentration of impurity atoms 

present on or in the substrate; and thereafter' 

(b) growing one or more buffer layers on the substrate, the or at least one 

10 of the buffer layers comprising a semiconductor material doped with metal atoms. 

2. A method according to claim 1, wherein the substrate comprises indium 

phosphide. 

15 3. A method according to claim 2, wherein the annealing step is carried out 

in an atmosphere comprising phosphine. 

4. A method according to any one of the preceding claims, wherein at least 

one buffer layer comprises a semiconductor material doped with iron atoms. 

20 

5. A method according to any one of the preceding claims, wherein at least 

one buffer layer comprises iron-doped lnP. · 

6. A method according to any one of claims 1 to 4, where·in at least one 

25 buffer layer comprises iron-doped AllnAs. 

30 

7. A method according to any one of claims 1 to 4,. wherein more than one 

buffer layer is grown, of which at least one buffer layer comprises iron-doped lnP, 

and at least one other buffer layer comprises iron-doped AllnAs. 

8. A method according to any one of claims 4 to 7, wherein the iron doping 

level(s) is in the order of 1016 to 1017cm·3• 

I 

( 
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9. A method according to any one of the prec•dmg ch1lms, further comprising 

tho step of ~~ching the substrata suriaca to remove surface impurities, wherein the 

~chinig step ~s . carried! out after the am1eainng step and beforo the buffer fayer 

growireg step. 

10. A method according to claim 9. as depenid11nt on claim 2, wherein the 

etchif'lg step· includes hellting the substrme in 11111 atmosphere comprising 

phosphorm; triehloiride. 

10 H. A method according to claim 10, whorfiin the atmosphere further 

15 

comprisGs high purity hydrogen. 

12. . A method of fabricating a semiccmductor device oni a substrate, wherein 

thG substrmo is prepared according to any one of tho preceding claims. • 

13. A semiconductor device comprising a substrate and deposited thereorn a 

pi11J1rnlnty of epitaxial device layers, wherein the substrate i1 prepared according to 

any om~ of claims 1 to 12. 

20 14. A hctorojunetion field affect transistor prepared in accordance with claim 

1 , inci1UJdi11g a first buffer t111yer comprising ironoodoped AllnAs. a second buffer layer 

complfisin1SJ iron~dopad lnP, and II third, c11ppis1g, buffer layer comprising unadopad 

~nP. 

25 15. A high electron mobiilty transistor prepnrcd in accordarnce with claim 1, 

im::ludfilng a first buffer l11yer comprising irnn~doped Almn.As, ai second buffer layer 

·comprising irc:madcpod lnP, and a third, cappi111g, buffor layer comprising un-doped 

~n?. 

30 18. An optcN1ioctronic integrated circuiit comprising at iem1st one 

semiconductor optical component prepared 1ccording to any cno of ciaims 1 to 12. 

----------=----------
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17. · A method of preparing a semiconductor substrate for subsequent 

manufacture of a semiconductor device, the method including reducing the 

concentration of impurity atoms present in or on said substrate by a process of 

annealing . and substantially insulating said semiconductor substrate from 

5 subsequent device layers by providing one or more buffer layers. on said substrate, 

wherein the or at least one buffer layer provides carrier traps for reducing 

conduction between said semiconductor substrate and said subsequent device 

layers. 

10 .18. A method according to claim 17, wherein at least one buffer layer 

comprises a lllN semiconductor in which the lllN ratio is arranged to provide a 

substantially electrically neutral material. 

19. A method according to. claim 17, wherein· at least one buffer layer 

1 5 comprises a semiconductor material which when un-doped exhibits e_ither n-type or 

p-type properties, said semiconductor material being doped with electrically-active 

atoms which provide the carrier traps. 

20. . A method according to claim 19, wherein said semiconductor material 

20 when un-doped exhibits n-type behaviour and said electrically-active atoms are 

those of iron. 

21 . A method according to claim 19, wherein said semiconductor material 

when un-doped exhibits p-type behaviour and s~id electrically-active atoms are 

25 those of chromium. 

, I 


